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Abstract: The relevance of the present study devoted to
the creation of modern information measuring systems with
sensors based on diffraction gratings is shown. Information
on the acousto-optic effect and acousto-optic materials is
presented. A comparative assessment of the characteristics
and possible applications of instruments and systems based
on different physical effects and phenomena was carried out
on foreign and domestic patent and technical literature.
Based on the analysis of the literature, the task was set and
the choice of effective ways of achieving the goal of the
present work was accomplished. Perspective information and
measuring systems with sensors based on diffraction
gratings, as well as inadequate attention to design issues,
have been established. The need for research in this field has
been formulated.
Keywords: information-measuring systems, sensors based
on diffraction gratings, diffraction grating.

Introduction
The urgency of scientific research. The use of
intelligent information and measurement systems
with sensors based on diffraction gratings is one of
the most promising directions for the development
of intellectual structures. Such sensors provide a
new level of integration of the sensor system and
the controlled structure.
The basis of the work of such informationmeasuring is the interaction of sound and light
waves, as a result of which the modulation or
deviation of the light current occurs. The
propagating ultrasonic wave is accompanied by

mechanical stresses of the medium. Due to the
effect of photoelasticity, mechanical stresses cause
deformation of the electron shells of atoms and
molecules of the medium, this leads to a change in
the dielectric constant and, consequently, to a
change in the refractive index. As a result of the
propagation of an acoustic wave, periodic layers
with different refractive indices moving with the
speed of sound are formed in the sound duct. The
period of the layered structure is equal to the
length of the ultrasonic wave. This periodic
structure plays the role of a diffraction grating.
Currently,
intelligent
information
and
measurement systems with sensors based on
diffraction gratings are at the research stage, which
means they are products of the nearest future.
They, unlike optical products of the volumetric
type, are suitable for integration, which opens wide
prospects for their practical implementation and
application [1, 2].
Theoretical foundations and principles of
building intelligent information and measuring
systems with sensors based on diffraction gratings
in our country were laid down mainly at the
Moscow
State
Technological
University
STANKIN and the Novosibirsk Institute of
Automation and Electrometry. The main
developers and manufacturers of such systems of
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this type are the companies "Hewlett-Packard"
(USA), "Renishaw" (Great Britain), "Carl Zeiss"
(Germany) and others.
Advances in the field of nano technologies
allow creating intelligent information-measuring
systems with motion sensors based on diffraction
gratings with a small discreteness step of the report
(about 0.01 μm or less). In such systems, lasers are
used that have high spatial and temporal
coherence, which makes it possible to obtain the
necessary measurement error. An important
component of the measuring system is the way and
the signal processing scheme, at present new
methods are proposed that increase the accuracy
and speed of conversion [1].
The authors of this scientific work have made
an attempt to generalize and systematize the
experience of the development and creation of
intelligent information and measuring systems with
sensors based on diffraction gratings to create a
scientific basis for the development of new similar
systems with improved quality indicators
(accuracy and reliability). In domestic and foreign
literature, this aspect of intellectual information
measuring systems with sensors based on
diffraction gratings was not generalized.
1.
Comparative
evaluation
of
the
characteristics and possible areas of application
of instruments and systems
To this end, we will carry out a comparative
assessment of modern developments in the
development of instruments and systems based on
various physical effects, using materials of patent
offices and new publications in the form of articles
in scientific and technical journals and books by
domestic and foreign publishers [1-34].
Analyzing and comparing devices and
measuring systems based on different physical
effects and phenomena, we can conclude that the
most effective of them are intelligent information
and measuring systems with sensors based on
diffraction gratings that have high quality
indicators: reliability, accuracy, immunity, stability
of characteristics, high speed, durability, small
dimensions, high sensitivity.
In practice, often with respect to intelligent
information-measuring systems with sensors based
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on Bragg gratings, the term optoelectronic devices
and systems is used, referring to a structure
containing optical and electronic components.
The sphere of application of intelligent
information-measuring systems with sensors based
on Bragg gratings: power engineering, mechanical
engineering, medical technology, avionics, auto
electronics, metallurgy, chemical and oil and gas
industry.
In the military sphere, a great effect can be
obtained in the design of cruise missiles and the
use of optic-electronic correction systems and
satellite navigation. It is very important to
remember the high speed of fiber-optic and
electronic components: magneto-optical (10-9 sec);
electro-optical (up to 10-12 sec); acousto-optical
(10-9 sec); avalanche photodiodes (10-9 sec) [10].
Small
mass-dimensional
indicators
of
optoelectronic components allow to reduce the
overall dimensions and weight of the control
system and increase the combat charge of the
rocket.
2. The principle of constructing intelligent
information-measuring systems with sensors
based on diffraction solutions
In Fig. 1, an intelligent information-measuring
system with sensors based on diffraction gratings
[10], which contains two optical identical channels
consisting of the first and second sources of
coherent light emission 1 and 2, the first and
second acousto-optical transducers 3 and 4
associated with the object (not shown), the first
and second photodetectors 5 and 6. Outputs first
and second photodetectors are
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Fig. 1 Intelligent information-measuring system with
sensors based on diffraction gratings.

connected to the input of the first switch 7, an
amplifier 8 whose input is connected to the output
of the first switch 7, and the output is connected to
one of the inputs of the integrator 9. The signal
generator 10 is connected to the inputs of the first
and second acoustooptic transformations 3 and 4
and the second input of the integrator 9. The output
of the control oscillator 11 is connected to the
control inputs of the first and second switches 7
and 12. The input of the second switch 12 is
connected to the output of the integrator 9, and the
outputs to the averaging device 1.
The operation of acoustooptic converters
(AOC) in the diffraction mode does not require
large acoustic signal powers, which has a
beneficial effect on the life of the AOC material.
Due to these properties the device has increased
reliability and accuracy.
In its information essence, an intelligent
information and measuring system with sensors
based on diffraction gratings is a three-dimensional
information converter, represented in a spatiotemporal form. The carriers of this information are
two kinds of signals - acoustic and light, each of
which is described by a three-dimensional
function: two spatial coordinates and time, which
allows using these devices in a variety of qualities,
including the realization of an acousto-optic linear
displacement transducer.
An intelligent information-measuring system
with sensors based on diffraction gratings consists
of the following main components: a light source
(for example, a laser), an acoustooptic modulator
AOM located at an angle of Bragg to a source of
light radiation (much less the right angle - with
Raman-Nath diffraction). AOM is an optically
transparent sound conduit with acoustic wave
propagating in it. The AOM sound tube is usually a
plane-parallel plate, at one end of which a pietransducer is mounted, which excites ultrasonic
waves, and the second end is skewed to eliminate
the backward acoustic wave.
At the present, the list of materials
recommended by various authors as acousto-
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optical media exceeds one hundred names.
Nevertheless, even a cursory review of the
literature shows that the overwhelming majority of
the most interesting and significant works in the
field of acoustooptics were made on practically the
same materials. Even fewer materials are used in
industrial development. So, many foreign
companies, such as Zenith and others, prefer one of
the least exotic materials - glass [25-34].
Conclusion
Intelligent information-measuring systems with
sensors based on diffraction gratings are designed
to determine the movements and positions of
control points of objects relative to the light beam.
They have proved to be highly accurate and
effective controls, which can be successfully
applied both in laboratory conditions and directly
in the shops of machine-building plants.
The analysis of patents and scientific and
technical literature of foreign countries and the
Russian Federation allows us to identify the most
probable areas of practical application:
- control of the profile of the surface under
study;
- control of deformations of various
engineering objects;
- checking the end measures of the length
(dimensions) of the object;
- geodetic information-measuring system;
- use as a means of active control in the
processing of parts;
- control of the movements of the working
parts of the equipment in order to improve the
accuracy of machining.
Since intelligent information and measuring
systems with sensors based on diffraction gratings
are a relatively new high-precision measuring
instrument, the application areas of these
converters will be significantly expanded in the
near future.
REFERENCE
1. Urakseev MA, Vazhdaev K.V. Acoustooptic converters:
theoretical background and new developments // Sensors
and systems. - 2000. - No. 1. - P. 35-37.
2. Vazhdaev K.V. Acoustooptic converters of linear
movements (modeling and research of main

CHEMICAL TECHNOLOGY. CONTROL AND MANAGEMENT.
characteristics): the author's abstract. dis. Cand. tech.
sciences. - Ufa, 2003. - 15 p.
3. Freyden J. Modern sensors. Directory. - Moscow:
Technosphere, 2006. - 592 p.
4. Worden K. New intelligent materials and designs.
Properties and application. - Moscow: Technosphere,
2006. - 224 p.
5. Fiber-optic sensors. Introductory course for engineers and
researchers / Ed. E.Udda. - Moscow: Technosphere,
2004. - 416 p.
6. Jackson R.G. The newest sensors. - Moscow: Techno
sphere, 2007. - 284 p.
7. Gonda S. Optoelectronics in questions and answers / S.
Gonda, D. Seko. - Leningrad: Energoatomizdat.
Leningrad branch, 1989. - 184 p.
8. Okosi T. Fiber-optic sensors / T. Okosi, K. Okamoto. Leningrad: Energoatomizdat. Lenin-grad branch, 1990. 256 p.
9. Urakseev M.A. Information-measuring systems and
waveguides with acousto-optic effect / M.A. Urakseev,
K.V. Vazhdaev // Eighteen World Conference on
Intelligent Systems for Industrial Automation WCIS2014. Tashkent, Uzbekistan, November 25-27, 2014, pp.
100-103.
10. Urakseev MA, Vazhdaev K.V. Acoustooptical sensors of
physical quantities: Scientific edition / M.A. Urakseev,
K.V. Vazhdaev; Ufa State Academy of Economics and
Service. - Ufa: UGAES, 2008. - 140 with.
11. Teleshevsky V.I. Heterodyne methods of laser
interferometry based on acoustic light modulation //
Measuring technique. - 1975. - №1. - from. 42-45.
12. Zubrinov II Acoustooptical converter of linear
displacements and possibilities of its application.
Zubrinov, V.I. Yurlov // Avtometriya. - 1999. - №5. from. 97-101.
13. Balakshy V.I. Optoelectronic generator based on
acoustooptic interaction. Ba-lakshy, I.A. Nagaev //
Quantum Electronics. 1996. - No. 3, vol. 23. - p. 261-264.
14. Balakshy V.I. Physical principles of acoustooptics / V.I.
Balakshy, V.N. Parygin. - Moscow: Radio and
Communication, 1985. - 280 p.
15. R.A. Oliveira, “Characterization and new applications of
the acousto-optic effect in fiber gratings”, Ph.D.
dissertation, Federal University of Technology – Parana,
2011.
16. H.F. Taylor, “Bending effects in optical fibers”, Journal
of Lightwave Thechnology, vol. LT-2, no. 5, pp. 617-627,
1984.
17. B. Y. Kim, J. N. Blake, H.E. Engan, and H.J. Shaw: Allfiber acousto-optic frequency shifter”, Optic Letters, vol.
11, no. 6, pp. 389-391, 1986.
18. T.A. Birks, P.St.J. Russel, and D.O. Culverhouse, “The
acousto-optic effect in single-mode fiber tapers and
couplers”, Journal of Lightwave Technology, vol. 14, no.
11, pp. 2519-2529, 1996.

Special issue №4-5 / 2018

19. T. Matsui, K. Nakajima, K. Shiraki, and T. Kurashima,
“Ultra-broadband mode conversion with acousto-optic
coupling in hole-assisted fiber”, Journal of Lightwave
Technology, vol. 27, no. 13, pp. 2183-2188, 2009.
20. T.A. Birks, P. St. J. Russel, and C,N, Pannell, “Low
power acousto-optic device passed on a tapered singlemode fiber”, IEEE Photonics Technology Lettes, vol. 6,
no6, pp. 725-727, 1994.
21. R. Feced, C Alegria, M.N. Zervas, and R.I. Laming,
“Acousto-optic attenuation filters based on tapered
optical fibers” IEEE Journal Selected Topics in Quantum
Electronics, vol. 5, no. 5, pp. 1278-1288, 1999.
22. J. Zhao and X. Liu, “Fiber acousto-optic mode coupling
between the higher-order modes with adjacent azimuthal
numbers”, Optic Letters, vol. 31, no. 11, pp. 1609-1611,
2006.
23. W. F. Liu, P. St. J. Russel, and L. Dong, “Acousto-optic
superlattice modulator using a fiber Bragg grating”, Optic
Letters, vol. 22, no. 19, pp. 1515-1517, 1997.
24. P. St. J. Russel and W. F. Liu, “Acousto-optic superlattice
modulation in fiber Bragg grating”, Journal Optic Society
of America, vol. 17, no. 8, pp. 1421-1429, 2000.
25. F. Abrishamian, S. Sato, and M. Imai, “A new method of
solving multimode coupled equations for analysis of
uniform and non-uniform fiber Bragg grating and its
application to acousticly induced superstructure
modulation”, Optical Review, vol. 12, no. 6, pp. 467-471,
2005.
26. R. A.Oliveira, P. T. NevesJr, J. T. Pereira, and A. P. P.
Pohl, “Numerical approach for designing a Bragg grating
acousto-optics modulator using finite element and
transfer matrix methods”, Optic Communications, vol.
281, no. 19, pp. 4899-4905, 2008.
27. A.A.P. Pohl, K. Cook, and J. Canning, “Acoustic-induced
modulation of photonic crystal fiber Bragg gratings”, In
Proceeding of the 10th International Conference on
Transparent Optical Networks, Athen, Greece, vol. 2, pp.
51-54, 2008.
28. S. W. James and R. P. Tatam, “Optical fibre long-perion
grating sensors: characteristics and application”,
Meaurement Science and Thecnology, vol. 14, no. 5, pp.
R49-R61, 2003.
29. G. Rego, P. Marques, J. Santos, and H. Salgado, “Arcinduced long-period grating”, Fiber and Integrated
Optics, vol. 24, no. 3-4, pp. 245-259, 2005.
30. R.A. Oliveira, G.R.C. Posseti, C.A.F. Marques, P.T.
Never, K.Cook, R.C. Kamikawachi, et al., “Control of the
long-period grating spectrum through low frequency
flexural acoustic waves”, Measurement Science &
Technology, vol. 22, no. 4, pp. 045205, 2011.
31. H.S. Kim, S.H. Yun, H.K. Kim, N. Park, and B.Y. Kim,
“Dynamic erbium-doped fiber amplifier based on active
gain-flattering with fiber acousto-optic tunable filters”,
IEEE Photonics Technology Letters, vol. 12, no. 2, pp.
176-178, 2000.

49

CHEMICAL TECHNOLOGY. CONTROL AND MANAGEMENT.
32. W. F. Liu, I. M. Liu, L.W. Chung, D.W. Huang, and C.C.
Yang, “Acoustic-induced switching of the reflection
wavelength in a fiber Bragg grating”, Optics Letters, vol.
25, no. 18, pp. 1319-1321, 2000.
33. W.F. Liu and P.J. Tu, “Switchable narrow-bandwidth
comb filters based on an acousto-optic superlattice
modulator in sinc-sampled fiber grating:, Optical
Engineering, vol. 40, no. 8, pp. 1513-1515, 2001.

50

Special issue №4-5 / 2018

A. Diez, M. Delgado-Pinar, J. Mora, J.L. Cruz, and M.V.
Andres, “Dynamic fiber-optic add-drop multiplexer using
Bragg grating and acousto-optic-induced coupling”, IEEE
Photonics Technology Letters, vol. 15, no. 1, pp. 84-86,
2003.

